A picrate ion-selective electrode without inner reference solution and based on bis(triphenylphosphoranylidene)ammonium picrate dissolved in 2-nitrophenyloctyl ether was constructed and its characteristics assessed. With respect to reducing sugar determination in Port wine, a tubular electrode based on the same sensor system was developed and incorporated into a flow-injection manifold devised for this determination. The methodology involves a reaction between the reducing sugar and picric acid, the decrease in the picrate concentration being monitored with the tubular electrode. A linear dependence between peak width, at a fixed potential and the logarithm of sugar concentration in the range 25-200 g 1~ ' was obtained. The proposed system allows wine samples to be injected with no previous treatment and allows a sample throughput of 50 determinations per hour, a relative standard deviation less than 4%, and the results are comparable to the reference procedures.
Introduction
Reducing sugar determination is usually required in wine production [l] for routine quality control, assessment of the extension of the fermentation process, and also to check on the conformity to the requirements of a certain wine type, such as Port. This determination is usually accomplished by a * Corresponding author.
redox titration (reference procedure) [2] , or by resorting to automatic equipment based on segmented flow analysis (SFA) or liquid chromatography (LC) [l] . As these last two methods involve too expensive equipment for most routine control laboratories, flow-injection analysis (FIA) systems might become an attractive alternative for automating this determination, because of their relatively low cost, simplicity and high sampling rates achieved.
Some FIA systems for the reducing sugar determination in wines with calorimetric detection based on different reactions have already been described [3, 4] . In these methodologies, samples with a high sugar content have to be previously diluted to adjust the analyte concentration to the linear working range of the method. Additionally, in some cases it is necessary to remove coloured compounds from wines before measurement, either by previous filtration with charcoal, or by incorporating a dialysis unit into the flow system. The use of potentiometry as the detection system for this determination could be an advantageous alternative due to the broad response range of ion-selective electrodes (ISE) and of their lack of sensitivity to the samples colour or turbidity, thus allowing to avoid sample pretreatments inherent to calorimetric detection.
One of the described methodologies for the flowinjection reducing sugar determination involves the picric acid reaction with reducing sugar [3] . The decrease of the picrate concentration during the reaction could be monitored with a picrate ion-selective electrode. However, most of the references to picrate electrodes [5-91 present some deficiencies that could limit their application, namely regarding mechanical instability, high response times and mainly a short lifetime. These problems could be attributed to the use of the ionic sensor in the liquid form [5, 6, 8] or immobilized in PVC with inner reference solution [9] . Additionally, the utilization of mediator solvents with deficient plasticising characteristics may contribute to an increase of the membrane solubility, namely in non-polar solvents like ethanol. This could be a limitation to their application in matrices that present a high alcohol content, such as wines. In order to obtain a picrate electrode with better functioning characteristics, that could be constructed with a tubular shape to be used in a flow-injection system for the reducing sugar determination in Port wine, units without inner reference solution and PVC membranes prepared with a mediator with good plasticising characteristics (2-nitrophenyloctyl ether), were constructed.
The option for the use of tubular electrodes, instead of other described configurations, was due to the problems that arise when electrodes with a conventional configuration are incorporated in a flow system [lo] . The main problem is the electric noise produced by the mechanical instability caused by the difficulty to attach the electrodes to the manifold in a robust way.
Once the picrate tubular detector based on bisctriphenylphosphoranylidene)ammonium picrate dissolved in 2-nitrophenyloctyl ether was constructed, a flow-injection system was developed for the reducing sugar determination in Port wine over a large concentration range between peak width and logarithm of concentration. The results obtained by FIA for some Port wines were compared with those furnished by the reference procedures.
Experimental

Reagents and solutions
All chemicals used were of analytical-reagent grade with no further purification, and deionized water with a specific conductance less than 0.1 &S cm-' was used throughout.
The picrate stock solutions (about 6 X 10e2 M) were prepared from picric acid that was titrated with a standard sodium hydroxide solution, followed by addition of NaOH 0.2 M so that a final pH of 6 was obtained.
The sodium picrate standards used in the assessment of the conventional and tubular electrode characteristics were prepared by rigorous dilution of the stock solution. Sodium sulfate was added to every standard, so that a final concentration of 0.033 M was obtained, in order to adjust the ionic strength to 0.1 M.
The sugar standards used for establishing the calibration curves consisted of a mixture of fructose (60%) and glucose (40%), and were prepared in 20% ethanol.
The solutions that circulated in the flow-injection manifold were previously degassed in an ultrasonic bath.
Instrumentation and electrodes
A Crison 2002 digital voltmeter (_t 0.1 mV sensitivity) was used for the potentiometric measurements, which was coupled to a Kipp and Zonen BD 111 chart recorder for the FIA determinations.
As reference electrode, a double junction Russel Model 90-0029 with 0.033 M Na,SO, in the outer compartment was used.
In the flow-injection manifolds, Ismatec Mini-S/840 peristaltic pumps incorporating Gilson tubes were used to propel the solutions. The injection of standards and samples in the carrier stream was performed with a Rheodyne Type 5020 six-port rotary valve. Omnifit PTFE tubing (0.8 mm id.) with Gilson end-fittings and connectors were used as manifold conduits.
In the FIA system developed for the reducing sugar determination, a tubular picrate ion-selective electrode was used. The reference electrode was placed in a previously described support [ 111, and a 1 cm long (0.8 mm id.) stainless-steel tube was used as ground electrode.
The pH measurements were performed with a Ingold 102723028 glass electrode.
Electrodes construction
The ion exchanger used in the membrane preparations was obtained by mixing 200 ml of a 1 X 10m3 M sodium picrate solution with the same volume of a 1 X lop3 M bis(triphenylphosphoranylidene)ammonium chloride solution. The precipitate formed, bis(triphenylphosphoranylidene)ammonium picrate, was washed with water, centrifuged and kept in a desiccator. For preparing the sensor solution, 0.0431 g of the obtained precipitate were dissolved in 0.7886 g of 2-nitrophenyloctyl ether, and the resulting solution was mixed with 0.18 g of PVC previously dissolved in 6 ml of tetrahydrofuran.
The conventionally-shaped electrodes were constructed by applying dropwise the sensor solution to the conductive surface of the electrode body [12] , consisting of a mixture of Araldite epoxy resin and graphite powder [13] . Afterwards, the membranes were left to dry at room temperature for one day. The electrodes were then conditioned in a 1 X 10m2 M sodium picrate solution before use.
The tubular electrodes were prepared using the same sensor solution as the conventional units, following a previously described procedure [14] . The membranes of the tubular electrodes were dried overnight at room temperature and then inserted in a module to allow its incorporation in a flow injection manifold. In this way, a flow channel of approximately 0.8 mm i.d. and 1 cm long was created, the membrane surface being left in contact with a 1 X lop2 M sodium picrate solution before use.
Reference method
In order to assess the quality of the results obtained in the reducing sugar determination in Port wines by FIA, they were compared with those obtained by a reference procedure [2] . The wines were previously treated with either lead acetate and calcium carbonate (red wines) or with potassium hexacyanoferrate(I1) and zinc sulfate (white wines) and filtered. A cupric-alkaline solution was added to the filtrate, and refluxed for 10 min. After cooling, an excess of potassium iodide was added and the solution titrated in acidic medium with sodium thiosulphate, using starch for indicating the titration endpoint.
Results and discussion
The picrate ion-selective electrodes with a conventional and a tubular shape were constructed and their characteristics assessed. A manifold incorporating the tubular electrode was assembled for carrying out the reducing sugar determination in Port wine.
Behauiour of the picrate ion-selectice electrodes
The conventionally shaped-electrodes were evaluated following recommended procedures [lS] in solu- with the exception of the evaluation of the lower limit of linear response, in which a 5 X lo-' M sodium picrate in 0.033 M Na,SO, solution was used. The use of a low picrate concentration in the carrier stream enabled a constant conditioning of the electrode surface to be achieved, thus contributing to baseline stabilization.
Sodium sulfate was used to adjust the ionic strength and increase the solution conductivity.
The picrate standards used for establishing the calibration curves also presented the ionic strength adjusted to 0.1 M with Na,SO,.
tions with the ionic strength adjusted with 0.033 M Na,SO,. The characteristics measured are presented in Table 1 . The interference of some inorganic anions was evaluated by the separate solution method, the results obtained being presented in Table 2 .
Comparing the characteristics of the developed units with other electrodes reported [5-91, an improvement of some characteristics like the linear working range, response time and especially the lifetime, was registered. Some of these aspects are important for its subsequent application in flow systems.
Some preliminary experiments were carried out to establish the manifold parameters for performing the electrode evaluation. The injection volume was set at 200 ~1, which provided a signal corresponding to about 98% of the stationary response. Larger values did not significantly increase the signal and caused an unwanted longer time to return to baseline. As would be expected in a potentiometric measurement, the influence of the flow-rate was quite small in the range 4.0-8.4 ml min-'. A flow-rate of 6 ml min-' was used for the subsequent electrode characteristics assessment, as a compromise between sampling-rate and carrier solution consumption.
The assessment of the intrinsic characteristics of the tubular electrodes was carried out in a low dispersion single-channel flow injection manifold (Fig. l) , thus allowing to compare the obtained values with those furnished by the conventionallyshaped units.
Using the abovementioned manifold parameters, tubular electrode assessment was carried out for evaluating calibration parameters, reproducibility and the influence of other ions on the electrode potential.
As a carrier stream, a 1 X 10m6 M sodium picrate and 0.033 M Na,SO, solution was used in every test For assessing the lower limit of linear response (LLLR), calibration curves for two electrode units, in the picrate concentration range from 8.1 X lo-' M to 5.3 X lop2 M, were established. An LLLR average value of 5 X 1O-6 M and a slope of -57.8 mV per decade were obtained. The electrode reproducibility during a working day was evaluated by Table 2 Potentiometric selectivity coefficients (log K '" ' ) for the conventionally-shaped and tubular picrate ion-selective electrodes, corresponding to three different concentration (picrate and intcrferent) levels (10m4, 10W3 and lo-* M) With the preset manifold parameters, the tubular electrodes presented a fast response, allowing to obtain a sampling-rate of about 240 determinations per hour.
To study the influence of pH on the electrode potential, the same manifold with small alterations [16] was used. An operational pH interval of 3-11 for picrate concentrations of lo-" M and lo-' M was obtained.
A summary of the characteristics of the tubular electrode is presented in Table 1 . The potentiometric selectivity coefficients for some anions evaluated by the separate solution method are indicated in Table  2 .
From the assessed parameters, it should be noted that the tubular electrode characteristics were very similar to those of the conventional electrodes. The lower limit of linear response, as well as the extent of interferences, was lower for the tubular electrode. The high response speed and the fast return to the baseline after peak maximum presented by the tubular electrodes are important characteristics for its use in flow injection manifolds, so that a high sampling rate (240 per hour) could be achieved.
Development of a flow injection manifold for reducing sugar determination
The FIA system was based on the reducing sugar reaction with picrate in alkaline media, the consequent decrease of picrate concentration being monitored by the tubular electrode. The measurement was based on the peak width (time interval) at some fixed value of the analytical signal. Calibration curves were established between peak width and the logarithm of reducing sugar concentration.
The manifold configuration (Fig. 2) was essentially conditioned by pH reaction conditions and also pH operational range of the tubular detector. The sample was injected into the picric acid carrier solution and then NaOH was added at confluence X to obtain a high pH for the reaction to occur to an appreciable extent. Subsequently the reaction between picrate and reducing sugars proceeds in the coiled tube L, which was immersed in a ther- mostated bath (58°C) for increasing the reaction rate. Due to the high pH of the flowing solution at this point, picrate measurement at the tubular electrode could not be achieved, as the hydroxide concentration had a pronounced effect on the electrode potential for pH values > 11. Thus a solution of H, SO, was added at confluence Y for adjusting the solution pH to ca. 7 before the measurement.
The manifold parameters were then optimized in order to allow direct injection of wine samples with no previous treatment. The sugar standards were composed of a mixture of fructose (60%) and glucose (40%), corresponding to the usual relative sugar percentages in Port wine. In fact, calibration curves for fructose and glucose had different sensitivities, evidencing that the reaction of fructose with picrate is faster than with glucose. Additionally, the peak shape was also influenced by the alcohol content. In this way, sugar standards were prepared with an ethanol concentration of 20% by vol. (concentration usually found in Port wines).
Using the system presented in Fig. 2 , optimization procedures were carried out by studying the influence of each manifold parameter on the calibration curve, and maintaining the others to a preset value.
The sample volume was fixed at 150 ~1, because at larger volumes the peak became too broad thus diminishing the sampling throughput rate; for smaller volumes the sensitivity was significantly decreased. Low flow-rates were chosen in order to guarantee a sufficient sample residence time to enable the reac- tion to occur in a sufficient extent to perform a measurement with good sensitivity. The QZ and Q3 flow-rates used were lower than for the picric acid carrier solution (Q,) in order to minimize dilution in confluences X and Y.
The tube L, guarantees only a minimum dispersion before confluence X. The length of tube L,, immersed in a thermostated bath at WC, has a large influence on the sensitivity of the method. In effect sensitivity increases with increasing tube length due to a larger reaction time. A tube of 250 cm was chosen as a compromise between sensitivity and sampling rate. For preserving sample integrity and in order to obtain a good sampling rate, the tube was coiled for increasing radial mixing. A length of 100 cm was chosen for L, in order to assure good mixing with H,SO,, in order to attain an homogeneous pH for the solution flowing through the tubular electrode. A ground electrode was incorporated just before measurement to eliminate background electrical noise.
The temperature of the thermostated bath was set to 58°C; at higher temperatures air bubbles were formed in the immersed L, reactor in spite of the previous degassing process carried out in an ultrasonic bath. This problem was minimized by maintaining the picric acid solution immersed in the thermostatic bath.
The influence of the picric acid concentration on the analytical signal was studied in the range 0.025-0.06 M and of sodium hydroxide between 1.7 and 2.6 M. Concentrations of 0.045 M for picric acid and 1.8 M for NaOH were selected. An increase in the concentrations produced greater sensitivity but a precipitate was formed inside the flow tubes. The H 2 SO, concentration (1.0 M) in channel Q3 was selected to enable the pH of the solution flowing through the electrode to be adjusted to about 7.
Under the optimized conditions and by measuring the peak width at the preset potential (20 mV above the baseline), a linear plot was obtained from 25 to 200 g 1 -' of reducing sugar. 
Application to wine analysis Acknowledgements
The developed FIA methodology was applied to the determination of reducing sugars in 7 Port wines. The results (C,) were compared with those furnished by the reference method (C,) [2] . A recorder output corresponding to the injection of a set of standards and a sample is presented in Fig. 3 .
The results obtained, as well as the corresponding precision (expressed as the relative standard deviation) are presented in Table 3 . The constructed conventionally-shaped picrate electrodes described above have better characteristics than those described in the literature, due to the use of a plastic membrane without inner reference solution and with a solvent mediator with better plasticising characteristics. This enabled the preparation of tubular detectors with good characteristics for their incorporation into FIA systems in a robust way. Using these detectors it was possible to develop a flow injection manifold for reducing sugar determination in Port wines with direct injection of wine samples, thus not requiring previous dilution and removal of coloured compounds.
